Abstract: Sustained remission is an ultimate treatment goal in the management of patients with rheumatoid arthritis (RA). Historically the frequency of sustained remission was low but the frequency of achieved sustained remission is increasing over time. The last years' clinical studies of tight control targeted treatment and intervention trials of early use of intensive strategy suggest that these treatment strategies are associated with higher rates of sustained remission. Achievement of sustained remission, in particular but not limited to early sustained remission, can provide tapering and stopping disease-modifying antirheumatic drugs (DMARDs). With new treatment strategies drug-free sustained remission is becoming an achievable goal. Sustained remission is associated with improved outcomes in regard to function, patient-reported outcomes and survival. Drug-free sustained remission is characterized by normalized function ability and survival. Sustained remission and, in particular, drug-free sustained remission offer hope that early identification of patients with arthritis, early improved novel treatments and treatment with target to achieve remission may potentially transform the progressive course of RA disease and disrupt RA chronicity. In this review we summarize the recent evidence on sustained remission in patients with RA, treatment strategies to achieve sustained remission, management of patients in sustained remission and significance of sustained remission from the patient perspective.
Introduction
During recent decades, the target of treatment of rheumatoid arthritis (RA) has changed from symptomatic relief to prevention of disability and radiologic damage, and further to early remission and persistent remission. This last target has become achievable because of a change in the paradigm of RA treatment: from 'go low go slow' to early use of disease-modifying antirheumatic drugs (DMARDs), from a pyramid approach of DMARD monotherapy to 'step-up' combination therapy, treatment-targeted tight strategy and early 'step-down' combination therapy (i.e. an inverse pyramid approach). With changes in the therapy approach, the course of the disease nowadays can be truly modified. These existing advantages have transformed the view on the ultimate course of RA as a chronic disabling disease to a potentially curable condition by possibility to switch off autoimmunity and induce immune tolerance. As such, novel therapy outcomes are then required to identify an individual benefit/risk profile at each therapy decision. These must facilitate a balanced therapy approach when inflammation is suppressed and remission is achieved.
The shift in the disease perspectives brings forth a shift in outcome measures such as remission. Remission outcomes as American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) and Disease Activity Score (DAS) remission measure treatment efficacy at one timepoint and are undoubtedly the first crucial step in informed, successful disease management. The next logical step is an achievement of durable remission and management
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during durable remission once it is achieved. This review aims to describe definitions of sustained remission, to review its frequency, to discuss whether it can be induced or whether it reflects the natural course of disease and to review what benefits sustained remission offers.
How is sustained remission defined?
RA is characterized by chronic, progressively destructive inflammation. Disease activity and flares over time are associated with disease progression, functional deterioration and development of radiographic damage. 1 Hence, the primary target of treatment of RA is to achieve clinical remission. 2, 3 It has been proved that the target-steered approach in the management of RA conveys better outcomes than routine care. 4 It is likely that stable remission could be a stronger predictor of a better RA prognosis than remission at a single timepoint. Conceptually, remission and absence of disease, chronic by its nature, should include a time perspective and should be defined at an individual patient level in clinical practice.
Although the concept of sustained remission has become accepted, there is currently no uniform definition of sustained remission. The ACR/ EULAR Boolean-based definition of remission is developed for use in clinical trials. 5 Remission criteria according to DAS28 using the erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) level and more stringent DAS-based criteria, as Simplified Disease Activity Index (SDAI) and Clinical Disease Activity Index (CDAI), measure disease activity in RA both in daily clinical practice as well as in clinical trials on a group level as well as for an individual patient. 6, 7 All these are important outcome measures at any timepoint of the disease and predict later good radiographic and functional outcomes on a group level. However, index-based remission criteria allow residual swollen joints on conventional clinical examination. Thus, absence of disease and synovitis at a patient level could not be defined using current criteria.
According to the recommendations on RA management, regular monitoring of disease activity should guide decisions on choice and changes in therapy to reach a state of clinical remission. 2 The treatment target is moved forward to the goal of maintenance of remission in the last 2016 update of the EULAR treatment recommendations. 8 As a developing definition, a minimum of 6 months is mentioned as a time frame for the target-state of sustained remission. However, the strict approach of sustained remission could only be recommended after validation of application of this criterion in prospective RA clinical settings if the preselected remission duration could differentiate the long-term outcomes.
To date, different definitions of sustained remission have been applied in the studies with various remission criteria, frequency of assessments and a minimum duration of remission sustenance. The usage of different criteria corresponds to variance in study results. To test the hypothesis of sustained remission and in the absence of consensus on definition, in the meantime, DAS remission criteria along with ACR/EULAR remission criteria have been adopted in the studies.
What is sustained DMARD-free remission?
Once a good response on DMARDs and stable remission are achieved, the treatment could be tapered; and once remission is further sustained, the treatment could be stopped. 9 Drug-free remission has been described in several patient groups which supports that drug-free remission could truly be achieved.
The approach of benefit/risk assessment of continuation or stopping DMARDs was examined as early as the 1990s in a double-blind placebo-controlled study. 10 In this study, RA patients with a good long-term therapeutic response, after median duration of DMARD therapy of 5 years, were randomized to continue therapy, n = 142, or to receive placebo, n = 143. At 52 weeks of follow up, as many as 62% of the patients who were randomized to placebo and 78% of the patients who were randomized to continue therapy did not have a flare, defined as recurrence of synovitis. Sideeffects that necessitated dose reduction or discontinuation occurred equally in each group.
A sustained DMARD-free remission is not uncommon in RA patients who are early and successfully treated with conventional DMARDs. In the large observational inception cohort from the Leiden Early Arthritis Clinic (EAC), The Netherlands (454 patients), and the British Early Rheumatoid Arthritis Study (ERAS; 895 patients), who fulfilled the ACR 1987 RA criteria and were initially treated with DMARDs, sustained DMARD-free remission was achieved in 9-15% of patients during follow up. 11 The remission in the EAC cohort was defined as a sustained absence of clinical synovitis for at least 1 year after cessation of DMARDs.
From the Dutch Behandel-Strategieën (BeSt) randomized controlled trial (RCT) we have learned that early-targeted treatments, irrespective of initial treatment strategy, and subsequent strict monitoring of disease state during the whole follow up improve sustenance of remission after discontinuation of DMARDs. 12 According to the protocol of the BeSt study, the patients were randomized to group 1: sequential monotherapy, group 2: step-up combination therapy, group 3: combination therapy with methotrexate (MTX), sulfasalazine and high-dose tapered prednisone; and group 4: combination therapy with MTX and infliximab. During all extended 10-year follow up, 3-monthly DAS calculations were performed to steer treatment and to adjust medication according to strategy protocols. If DAS was ⩽2.4 for at least 6 months, therapy was tapered; first, combination therapy to monotherapy, then monotherapy to maintenance dose. From year 3, patients who had been in DAS < 1.6 remission for at least 6 months on maintenance dose, had to taper and stop their last DMARD. Treatment was restarted if DAS increased ⩾1.6.
During the first 5 years of the study, 115/508 (23%) of patients at some time achieved drugfree remission. The 3-monthly DAS monitoring by protocol continued through the whole study. Overall, 53 patients (46%) lost remission and restarted treatment after a median duration of 5 months, 74% of these patients re-achieved remission within 3-6 months. Patients who could not maintain remission were more likely to be anticitrullinated protein antibody (ACPA)-positive, had higher DAS and used sulfasalazine (but not MTX) as the last DMARD before they had achieved remission. Radiological damage progression was rare after drug discontinuation. A total of 59 patients (51%) remained in drug-free remission for a median duration of 23 months. At the end of the 7th year, as many as 13%, 16%, 16% and 14% of patients in treatment groups 1-4, respectively, were still in drug-free remission. 12 Further analysis after 10 years showed that beneficial effects of DAS-targeted strategy persisted. 1 Of all, 14% of patients were in drug-free remission without differences among the strategies; and radiographic damage was limited for all treat-to-target strategies.
The early strict DAS-steered therapy principle provides higher rates of achieved DMARD-free sustained remission also in the presence of autoantibodies. The retrospective comparison in 508 recent-onset RA patients treated with DASdriven therapy (DAS ⩽ 2.4) in the BeSt cohort, and in 424 patients who received non-DASdriven therapy in the prospective inception EAC cohort has shown that DAS-driven therapy may improve the chance of sustained drug-free remission in ACPA-positive patients. Among ACPApositive patients, drug-free remission was more frequently achieved after DAS-driven than after non-DAS-driven therapy, 5.4% versus 2.1% of patients. 13 This observation suggests that earlytargeted treatment strategy may indeed modify the disease course.
Immuno-dysregulation has been described several years before onset of symptoms of arthritis. Breakdown of immune tolerance arises in the predisposed persons which manifests in clinical symptoms of the disease. As an autoimmune disease, RA has a tendency to become chronic with a time. Biological mechanisms distinguishing between preclinical, early and established disease have been proposed. 14 The reports that DMARDfree sustained remission could be achieved more frequently in early disease and in patients fulfilling the 2010 criteria of RA compared with those fulfilling the 1987 criteria 15 raise the hypothesis that early intensified antirheumatic therapy may have higher potential to restore self-tolerance and, thence, to modify the course and the phenotype of RA disease.
Is sustained remission uncommon?
In general, sustained remission in established RA might be achievable in fewer patients than in early RA, and it is likely not as common in clinical practice as in trials. Higher rates of remission can be achieved in both observational datasets and clinical trials when a treat-to-target strategy is adopted. Currently, there is no definite answer on how often sustained remission could be achieved and how long sustained remission could be maintained because of several different definitions of sustained remission used in the studies.
Firstly, the time frame to assess remission at consecutive visits ranges from two consecutive assessments with at least 1 month apart, 16 to biannual assessments, 17, 18 annual assessments, [19] [20] [21] or longer periods between assessments. [22] [23] [24] [25] The rate of persistent DAS-based remission in these studies ranges from 5-45%.
Hence, a definition of accurate timeframes to assess remission is required. This question has been investigated in the recent pooled analysis of patient-level clinical trial data. 26 It has been shown that 3-month changes are critical timepoints for the target of remission (while 6-months changes for the target of low disease activity), and that type of treatment or early versus established RA (initial MTX or a biologic in early RA, combination of MTX plus a biologic in early RA, step-up from MTX to a combination of MTX and a biologic in insufficient responders) did not significantly influence the accuracy of the 3-month changes to predict response. In the observational setting, 3-month monitoring has also been shown as a minimum timeframe to assess remission, taking into account prediction of good functional and good overall outcome. 27 Secondly, the definition of duration of remission is required. The longer the time in remission is required, the fewer patients could be defined as maintaining remission because a number of patients will experience a flare with time. The reported definition of remission duration ranges from several weeks (mostly in clinical trials) to over 12 months (in observational cohorts). The most often applied time to define sustained remission before tapering or withdrawing of treatment is 6 months. 9 The greatest loss of remission status occurs after a single remission visit, and once remission is seen on two subsequent visits, the chance of remaining in remission becomes much higher. Thus, in 621 RA patients from a typical outpatient setting, frequency of remission dropped from approximately 40% at a single random visit to 17-20% if two subsequent visits in remission were required. 16 Further, in the recent-onset RA patients treated with conventional DMARDs, sustained clinical remission at all 3-, 4-and 5-year follow ups was achieved only in 11% of patients, half as likely as remission at a single timepoint. 19 Evaluation in 394 patients with established RA disease from the Brigham and Women's Rheumatoid Arthritis Sequential Study (BRASS) not in remission at baseline has shown that <50% of RA patients in remission at a single time remained in remission 1 year later, and that the likelihood of patients experiencing active disease after remission decreases as the years in remission increase. 21 The important observation in the latter study is that more patients with disease duration ⩽5 years who achieved DAS28-CRP < 2.6 remission at ⩾1 visit can further maintain remission, compared with patients who achieved remission >5 years after onset of disease. The maintenance of remission the first years after that remission had been achieved, were similar for seropositive and seronegative patients in this study. These results suggest that the prognosis of the disease course in both seropositive and seronegative RA may be defined by the efficacy of therapeutic interventions applied the first years after diagnosis.
Thirdly, the reported rates of sustained remission range depending on the choice of remission criteria, treatment regimen and RA patient population. Higher rates of sustained remission, not surprisingly, are observed with DAS-based criteria than with the more stringent ACR-EULAR indexbased criteria. The highest rates of sustained remission could likely be achieved in early RA patients receiving early intensive therapy. In early RA patients assessed 3-monthly during the first year of the combination therapy with prednisolone tapering from 30 mg/day and escalating dose of MTX to 25 mg/week in the Combinatietherapie Bij Reumatoïde Artritis (COBRA) light trial, the highest rates of sustained remission over at least two consecutive visits have been reported for DAS28 in 40% of patients, followed by DAS in about 30% of patients, and CDAI, SDAI and Boolean criteria remission in 7-17% of patients. 27 In the post hoc analyses of the Abatacept study to Gauge Remission in Early Erosive rheumatoid arthritis (AGREE study), a higher proportion of patients receiving abatacept plus MTX attained sustained SDAI and CDAI remission than patients receiving MTX alone. 28 The median time to achieve first remission in this study was longer for SDAI and CDAI remission criteria than for DAS28 criteria, which also indicates greater stringency of the index-based criteria. High early sustained remission rates at both the 3-and 12-month visits were achieved in recent-onset arthritis patients treated according to treat-to-target principles in the Finnish rheumatology clinic; the rate of sustained DAS28 remission was 57% in RA patients and 56% in patients with undifferentiated arthritis; sustained Boolean remission was achieved in 16% and 12% of patients. 29 Application of the stringent remission criteria likely differentiates a particular subgroup of patients with a particular favorable functional status. The highest chance for good functional outcome, as expected, has been demonstrated for ACR-EULAR index-based criteria, followed by DASbased criteria. 27, 28 Lower rates of sustained remission have been reported from the registry of unselected patients with established RA treated in usual care; in these patients sustained DAS28 remission was achieved in 16% and SDAI remission in 8%. 30 Choice of prolonged remission at all visits after 1, 2, 5 and 8-years after inclusion into the observational study of patients in usual care similarly resulted in low sustained remission rates: 14% by DAS28 remission, 5% by SDAI and 3% by Boolean criteria. 24 The DAS remission criterion has been criticized for allowing classification of patients as being in remission in spite of having several swollen joints, not compatible with a state of remission. However, in the group of patients who achieved DAS28-sustained remission in the BARFOT study, only a minority had more than a few tender or swollen joints. 24 By applying CDAI, SDAI and the Boolean remission criteria some remission may be missed due to non-RA-related conditions. The low frequency of sustained remission by these criteria suggests that they may be too stringent to suite for long-term observational studies. In clinical practice, it seems reasonable and feasible to use the DAS-based remission criteria for the definition of sustained remission.
The constant frequency of DMARD-free remission, 10-15%, over the last two decades is reported across the observational cohort studies in RA patients treated with conventional DMARDs. 11, 31, 32 In RCTs in established RA, rates of successful drug withdrawal are also low and risk of flare after therapy withdrawal is high. 33, 34 These observations have given rise to questions on whether the patients who achieve DMARD-free sustained remission would also achieve remission (i.e. spontaneous remission) without any DMARDs. 35 Spontaneous remission per definition would occur regardless of treatment and thus the rates of spontaneous remission would be similar through the years. On the contrary, treatment-induced remission would occur at different rates with explicitly different treatments. Therefore, with earlier and intensive treatment strategies, higher overall remission rates and higher rates of sustained remission as well as sustainability of remission for a longer time are expected.
Indeed, evidence supporting the concept of modifiable achievement of drug-free remission is expanding. With early treatment and improved therapeutic strategies the last decade, sustained remission is not uncommon anymore. Thus, the early treatment including combination DMARDs in the treat-to target studies Cyclosporine, Methotrexate, Steroid in RA (CIMESTRA) and the BeSt trial has benefited by higher rates of DMARD-free remission in 16-25% of patients. 36, 37 In early RA patients from the Leiden EAC observational cohort, the cumulative percent of patients achieving sustained DMARD-free remission over time was increasing from 13% in the inclusion period 1993-1995, 18% between 1996-1998, to 26% between 1999-2004 and 30% in the inclusion period after 2005, p < 0.001, between-group difference. 38 Altogether, early rapid and sustained suppression of disease activity the first year guided by criteria of low disease activity may provide sustained remission and therapy de-escalation. Further, early aggressive treatment of RA guided by remission criteria may be considered as 'induction' therapy of, ideally, a prolonged remission after therapy discontinuation. Thus, in the BeSt study, 67/120 (56%) of the DMARD-naïve patients with active early RA, who were initially treated with infliximab in combination with MTX 25 mg/week, achieved sustained low disease activity DAS ⩽ 2.4 and could discontinue infliximab after a median of 9.9 months, with a median MTX dosage of 10 mg/week after 2 years. 39 The concept of early intensive treatment targeted at remission has been first examined in the placebo-controlled doubleblind pilot study, with or without infliximab, in addition to escalating MTX doses up to 25 mg/week in early poor-prognosis RA. 40 After 1 year from the discontinuation of infliximab in this study, 7/10 patients (70%) of patients still had sustained clinical response with manifest advantages in quality of life and function. Rapid disease suppression in the active infliximab arm was paralleled by a rapid (<14 weeks), sustained (104 weeks), and significant improvement in function and quality of life scores.
The recent Dutch study from the Rotterdam Early Arthritis Cohort (tREACH) reassured that with early intensive treatment many patients with early RA can reach sustained remission and maintain it after tapering conventional and biological DMARDs. 41 In this study 281 patients were randomized to initial induction strategies with triple DMARD therapy and glucocorticoid bridging or MTX 25 mg/week monotherapy with glucocorticoid bridging. Patients were evaluated every 3 months and treated-to-target of DAS ⩽ 2.4. In cases where DAS was >2.4, treatment was switched to a tumor necrosis factor (TNF)-blocker combined with MTX 25 mg/week. If remission was stable, a DAS < 1.6 at two consecutive timepoints was achieved, and as long as sustained remission was maintained, DMARDs were stepwise tapered according to the study protocol. During 2 years of follow up, as many as 57% of patients achieved sustained remission regardless of the initial treatment strategy. A higher frequency of early sustained remission within 6 months was among patients treated with triple DMARD therapy compared with the MTX monotherapy group, 52% versus 37%, but the rate of sustained remission within 1 year was comparable between the treatment groups, 84% versus 76%. Tapering involved a conventional DMARD in 84% of the patients and a biological DMARD in 16% of the patients in this study. Flares within 12 months occurred in 41% of patients after tapering conventional DMARDs and in 7% of patients after tapering TNFblockers. After a flare, 65% of patients regained remission within 6 months after treatment intensification. The somewhat low rate of regained remission in this study could depend on inclusion of patients with a high risk of developing persistent arthritis and that therapy was steered by criteria of low disease activity. Yet, in this study on RA patients with a poor prognosis, tapering of all DMARDs was successful in 34 patients (12%) who achieved remission DAS < 1.6. Of these, 11 and 7 patients remained in drug-free remission for at least 3 and 6 months, respectively.
The benefits of early intensive treatment with tocilizumab (TCZ) compared with methotrexate monotherapy to achieve sustained remission have been demonstrated in the U-Act-Early randomized clinical trial. 42 The treatment target in the study was sustained DAS28 < 2.6 remission during at least 24 weeks. Sustained remission was substantially more frequent achieved in patients initially treated with TCZ plus MTX or TCZ monotherapy compared with patients initially treated with MTX monotherapy: 86% of patients versus 84% versus 44% of patients, respectively, relative risk for sustained remission 2.00 [95% confidence interval (CI) 1.59-2.51] for TCZ + MTX versus MTX, and 1.86 (1.48-2.32) for TCZ versus MTX, p < 0.001 for both comparisons. The time to onset of sustained remission was shorter in the TCZ arms than in the MTX arm: median (interquartile range, IQR) of 8.0 (4.4-16.0), 9.4 (4.1-21.0) and 34.6 (18.7-45.3) weeks for the TCZ + MTX, TCZ and MTX arm, respectively, p < 0.001. If sustained remission was achieved, the dose of all drugs was stepwise reduced and then discontinued, provided that sustained remission persisted. The proportion of patients achieving sustained drug-free remission for ⩾12 weeks after tapering and discontinuing all DMARDs was significantly higher in both TCZ arms compared with the MTX arm, 35% and 27% of patients (initial TCZ + MTX and TCZ therapy, respectively) versus 11% of patients with initial MTX therapy, p < 0.001. This study therefore suggested that rates of early sustained remission are different in patients depending on the previous treatment strategies.
The very important concept that sustained drug-free remission is a modifiable event induced by treatment and not just the result of natural disease course has been also proved in trials of early biological DMARD usage in DMARDnaïve RA patients. Thus, in the Productivity and Remission in a randomIZed controlled trial of etanercept in Early rheumatoid arthritis (PRIZE) study, one of four patients who were in DAS28 remission induced by early initial treatment with etanercept and MTX were still in remission more than 1 year after the cessation of both drugs. 43 Patients maintained remission significantly longer after remission induction with a biological DMARD than patients who were initially treated with MTX alone in this study. Similarly, in A Very Early Rehabilitation Trial (AVERT study), treatment withdrawal resulted in 15% sustained drug-free remission at 18 months in patients initially treated with abatacept plus MTX, while only 8% of patients initially treated with MTX alone was able to maintain drug-free remission after induction of remission. 44 Longer duration in DAS-defined remission on treatment predicted sustenance of drug-free remission following withdrawal of abatacept. Although suggesting that drug-free remission could be modified by treatments, the follow up of both the U-Act-Early study and the RCT studies are too short to prove the hypothesis that drug-free remission can be induced by a certain drug or a certain treatment strategy.
Does sustained remission matter?
The patient perception of remission was examined in the inductive thematic analysis of the prespecified guided focus group discussions with RA patients in Austria, The Netherlands and UK. 45 Patients identified duration of remission as an important aspect of the concept of remission and characterized remission by the feeling of a return to normality.
The relevance of achieving drug-free sustained remission has been recently evaluated in the Leiden EAC cohort in 155 RA patients who achieved DMARD-free sustained remission during follow up. 38 At remission, the median Health Assessment Questionnaire (HAQ) score was 0.13, which means that functional ability in these patients was normalized, as in the normal population the mean HAQ of 0.25 is reported. 46 The Visual Analogue Scale (VAS)-scores on pain and fatigue (a 100 mm scale) at remission was 6 and 10 respectively, which are lower compared with the corresponding reference values of 11.5 and 20.5. [47] [48] [49] [50] Achievement of DMARD-free remission at any timepoint in the disease course in the EAC cohort was related to better outcomes compared with outcomes among patients who did not achieve such remission. Importantly, better outcomes were demonstrated in all patients who achieved remission, irrespective whether remission was achieved early (within 3 years after inclusion), intermediate (3-5 years of disease) or late (5-13 years) after RA diagnosis. Thus, the longitudinal course of HAQ, VAS disease activity, VAS pain, VAS fatigue, VAS morning stiffness, likewise CRP, ESR and tender-joint count (TJC) was substantially similar in the patients who achieved remission in early, intermediate or late phases of RA disease. 38 Characteristics of the patients that achieved DMARD-free sustained remission at different time points during RA disease did not differ either at baseline or at the time when DMARD-free sustained remission was achieved. This finding implies that resolution of arthritis is possible and not limited to early disease but indeed can occur even in longstanding disease. Whether standard disease measures are not sensitive to measure the differences of remission achieved in different stages of disease, and whether pathophysiological mechanisms of transition from chronic inflammatory state to DMARD-free sustained remission may differ in different stages of RA can only be speculated on.
RA is a fluctuating disease with fluctuating disease activity over time. Overall disease activity is a risk factor for radiographic progression, loss of function and early mortality. The state of sustained remission should ideally indicate absence of disease activity and thence a halt of further joint damage. Indeed, in patients with established RA treated in usual care, physical function measured by HAQ improved in patients reaching DAS28-sustained remission for at least 6 months at two consecutive visits compared with patients who only occasionally reached remission; and the HAQ continued to improve while in sustained remission. 30 The relationship between time in remission and radiographic outcome has been also assessed in RA patients with a broad spectrum of disease activity and disease duration in the observational cohort of the BRASS. 20 In this analysis, an increased number of visits in remission by any criteria (ACR/EULAR remission, DAS28, SDAI and CDAI criteria), assessed in 535 patients at baseline, 1 and 2 years, was associated with reduced radiographic damage after 2 years of follow up. Similarly, sustenance of remission resulted in less subsequent radiographic damage progression in the PREMIER trial. 51 In this RCT of adalimumab plus MTX or adalimumab alone or MTX alone in early RA, sustained remission SDAI ⩽ 3.3 during the second year of trial was associated with arrest of joint damage, irrespective of the therapy given. The mean change in the modified Sharp van der Heijde score (SHS) was 1.19 in those with 3 additional months of remission versus 0.20 in those with 6 additional months of remission and −0.32 in those with 9 additional months of remission, p < 0.05.
The likelihood of experiencing active disease decreases as duration in remission increases, which is reassuring for systematical treatment tapering in patient with sustained remission. On the other hand, even after years in remission, a patient's disease can become more active. However, even after the loss of remission at follow up, sustained remission in the course of the disease may be beneficial in respect to long-term clinical outcomes. Further, once sustained remission is achieved, a chance to regain remission after flare is high. Thus, in the BRASS observational cohort of established RA, 21 patients who were in DAS28-CRP < 2.6 remission at two subsequent annual visits but lost remission at the subsequent annual visit, had a median DAS28-CRP score of 3.7, median TJC of 5, swollen joint (SJC) of 4, CRP of 8.3 mg/l, and general health on VAS of 18 mm; while patients who were in remission only at one visit and lost remission at the subsequent annual visit had a worse measurements at follow-up assessment: DAS28-CRP score of 3.8, TJC of 6, SJC of 4, CRP of 6.6 mg/l, and VAS general health of 25 mm. Further, after flare, 31% of patients who were in remission at two subsequent annual visits but lost remission at the subsequent visit could regain remission, compared with 23% of those who were in remission only at one visit. The percentage of patients who regained remission after a flare was low in this cohort, likely because of the long disease duration (a median of 8 years) and 1-year interval between visits.
Sustained absence of disease activity also suggests a halt of functional deterioration and normalized survival. This has been reported in patients with early inflammatory polyarthritis recruited to the Norfolk Arthritis Register, NOAR cohort. 52, 53 The most persistent remission under the most stringent definition of remission in this cohort was associated with the lowest probability of longterm disability. Thus, the number of times in remission, defined as absence of clinically detectable joint inflammation on a 51-joint count assessed at 1, 2, and 3 years after inclusion, correlated with the odds of disability, with a mean decrease in the probability of disability, defined as HAQ ⩾ 1, of ~64% for each additional timepoint in remission, odds ratio (OR) (95% CI) 0.38 (0.28-0.52). Remission according to less stringent criteria based on the 40-and 28-joint counts showed a weaker protection against future disability. Similarly, the number of assessments in remission was associated with a proportional decrease of the mortality risk, hazard ratio (HR) (95% CI) 0.86 (0.74-0.99). Patients who were in remission 1 year after the baseline assessments and had persistent remission over time had the greatest reduction in mortality risk compared with patients who never achieved remission within the first 3 years of follow up, HR 0.58 (0.37-0.91). Remission according to less stringent definitions was associated with progressively lower beneficial effect for overall survival.
The relation between sustained remission and survival outcome has been studied in 556 patients with early RA or undifferentiated arthritis (UA) included in the Leiden EAC cohort between 1993 and 1998. 54 The DMARD-free sustained remission (defined as persistent absence of synovitis for at least 1 year after cessation of DMARD therapy) was achieved in 22% patients within 3 years after inclusion and in 33% patients during the total follow up of median 15 years in this cohort. Patients who achieved DMARD-free sustained remission within 3 years had a reduced mortality compared with patients without remission, HR 0.60 (0.39-0.93). Compared with the mortality rates of matched controls from the general Dutch population, patients who achieved DMARD-free sustained remission within the first 3 years or during the total follow up did not have an increased standardized mortality rate (SMR) (95% CI) 0.70 (0.47-1.02) in the patients and SMR 0.66 (0.47-0.92) in the matched population. The concept of improved long-term outcomes achieved by targeted treatment strategies has been also demonstrated in the BeSt study in patients with early RA. Treat-to-target at DAS ⩽ 2.4 at every 3-month visit has been associated with drug-free remission with prevention of functional deterioration and normalized mortality rate after 10 years. 55 Altogether these observations imply that sustained remission is a desirable outcome relevant from the patient perspective and associates with a halt of joint damage progression, improved function and survival prognosis. Sustained drug-free remission reflects normalized health state and survival expectations close to these in the general population.
Could we predict achievement of sustained remission? Sustained remission is likely to be more prevalent in patients commencing DMARD therapy earlier and less prevalent in ACPA-positive patients. 56, 57 Thus, DMARD-free remission was more frequent in ACPA-negative patients in the Leiden EAC cohort through the study period from 1996 to 2011. 38 The presence of auto-antibodies did not absolutely impede achievement of DMARDfree sustained remission in this observational cohort but the chance of RA persistence was higher and the chance of DMARD-free sustained remission was lower in patients with auto-antibodies. Patients who achieved DMARD-free sustained remission in the EAC cohort, compared with those who did not, were less often ACPA or rheumatoid factor-positive (18% versus 62%, and 31% versus 65%, both p < 0.001) and had a shorter symptom duration at inclusion (median (IQR) of 3 months (2-7) versus 5 months (2-9), p < 0.001). However, patients who achieved DMARD-free sustained remission in this cohort, compared with those who still had persistent RA during follow up, did not have milder disease characteristics at baseline in terms of SJC, TJC, ESR, CRP, HAQ, morning stiffness, fatigue and frequency of high titre of ACPA.
As anticipated, ACPA presence seems likely to predict flares after tapering or stopping conventional and biological DMARD treatment in RA patients with sustained remission as it has been shown in the Reduction of Therapy in patients with Rheumatoid arthritis in Ongoing remission (RETRO) study. 58 In this study, ACPA-positive patients in sustained remission DAS28 < 2.6 for >6 months showed a gradual increase of relapse rates in respect to allocation to continuing DMARDs, tapering DMARDs by 50% or stopping DMARDs after 6 months tapering, while ACPA-negative patients showed rather low prevalence for relapse, independent from whether treatment was continued, tapered or stopped.
In the first clinical study with drug-free remission as a treatment goal, the IMPROVED study in early RA and UA patients treated according to DAS < 1.6, ACPA status was not associated with achievement of early drug-free remission but with sustenance of drug-free remission. 59 Patients who lost remission were more often ACPA-positive than those who sustained remission, 72% versus 47%, p = 0.01. In ACPA-positive patients drugfree remission was less often sustained than in ACPA-negative patients, 58% versus 80%, p = 0.013.The importance to treat early and to treatto-target in early RA is supported by results of several studies. Thus, in early RA in the Finnish Rheumatoid Arthritis Combination Therapy trial (FIN-RACo) cohort it has been shown that remission is more often sustained if treatment is started early and if combinations of DMARDs is used compared with treatment with a single DMARD. 60 Further, in the Dutch study from the Nijmegen early RA cohort, the median time to sustained remission was 10 months in the subcohort included between 2001-2005 and 14 months in the subcohort included between 1985-1990. 61 Overall, the median time-to-remission in patients with sustained remission was 9 months (IQR 4-13 months), while time-to-remission in patients with nonsustained remission was 13 months (IQR 7-24 months), p < 0.001. The chance on sustained remission decreased with every additional month of time-to-remission. The OR (95% CI) of the relation between time-to-remission and having sustained remission was 1.11 (1.10-1.12), p < 0.001, which means a 1.11 higher odds on sustained remission if achieving first remission 1 month earlier (compared with achieving first remission 1 month later), a 1.37 higher odds to remain in remission if achieving remission 3 months earlier, and in case of 1 year earlier remission the odds to remain in remission increased to 3.5. The relationship between time-to-remission and sustained remission was similar across all calendar years of inclusion in this study, 1985-1990, 1991-1995, 1996-2000, 2001-2005 . This observation implies the importance of achieving remission with any treatment strategy as early as possible in the course of the disease.
Next, the data from the BeST trial of treat-totarget treatment strategies in patients with recentonset RA have demonstrated that the longer and the better a good clinical state is maintained, the greater the likelihood of remaining in that state. 62 Thus, the probability to maintain DAS ⩽ 2.4 3 months after a first DAS ⩽ 2.4 was 74% in this trial, this probability increased to 85% after two preceding DAS ⩽ 2.4 and to 88-97% after one to two preceding DAS< 1.6.
The meta-analyses of raw data of the studies reporting on achieving DMARD-free sustained remission has proved the importance of early treatment initiation in the 'window of opportunity'. 57 Longer symptom duration at initiation of DMARDs was independently associated with a decreased chance to achieve DMARD-free sustained remission, HR (95% CI) of 0.989 (0.982-0.995) per week increase in symptom duration. Assuming a linear correlation with time in the early disease stage, the HR for achieving DMARD-free sustained remission was 0.88 in cases of 12 weeks' symptom duration at treatment initiation (the suggested period of the window of opportunity).
The importance of early and intensified antirheumatic therapy in achievement of drug-free sustained remission has been demonstrated in the Leiden EAC cohort. From this cohort we have learned that achievement of DMARD-free sustained remission is increased in the recent years of early improved antirheumatic strategies. The time to achieve DMARD-free remission was shown to be shorter and the prevalence of remission higher in the patients included the last years than in those included in the 1990s. 38 The mean time-to-remission (SD) was 7.8 (3.4), 6.9 (4.0), 4.8 (2.7) and 3.1 (1.4) years for RA patients included between 1993-1995, 1996-1998, 1999-2004 and 2005-2011 , respectively, p < 0.001. The role of treatment strategy for chance on DMARD-free remission was described in this study as HRs (95% CI) for achieving remission of 1.5 (0.6-3.4) for the patients included 1996-1998 (initially treated with mild DMARDs), HR of 2. The treatment steered at the treatment target of remission is important in order to improve chance on achievement of early remission and drug-free remission. Thus, from the DAS-remissionsteered strategies aiming at drug-free remission in early arthritis, the IMPROVED study, we have learned that DAS < 1.6 remission 4 months after DMARD initiation (early remission) is associated with a higher chance on drug-free remission. In this study, 610 patients with early RA or UA were treated with MTX and tapered high-dose prednisone. Patients in remission DAS < 1.6 after 4 months tapered and stopped medication. Patients who did not achieve early DAS remission were randomized to MTX plus hydroxychloroquine plus sulfasalazine plus low dose prednisone (arm 1), or to MTX plus adalimumab (arm 2). Monitored 4-monthly, medication was tapered and stopped if DAS was <1.6; medication was restarted, increased or switched if DAS was ⩾1.6. After 1 year of DAS-remission-steered treatment, 32% of the patients who had achieved early remission after 4 months were able to taper medication and achieved drug-free remission. A total of 65% of patients in drug-free remission at 1 year were still in drug-free remission after 16 months. 59 After 2 years of remission-steered treatment, 29% patients in the early remission group were still in drug-free remission, while the overall drug-free remission rate was 21%. The frequency of drugfree remission did not differ between the treatment arms. More UA patients achieved drug-free remission compared with early RA patients, 34% versus 19%, p < 0.001. Radiographic outcome was excellent for all patients, median (IQR) SHS progression was 0 (0-0) across all patients in this study. 63 
Conclusion
In short, initial targeted intensive treatments and early remission seem to be essential to achieve sustained remission and hence essential to modify the course of RA disease. Sustained remission is associated with improved long-term outcomes as measured by function, patient-reported outcomes and survival. With therapeutic strategies targeted at a low disease activity sustained remission can be achieved in many patients. Sustained remission is achievable in patients with both early and established disease. Sustained remission allows withdrawal of biological DMARDs and tapering of conventional DMARDs in some patients. Sustained remission means suppressed disease activity in the patients who may flare during follow up. Disease activity should be monitored and therapy should be adjusted during the whole disease course.
In a proportion of patients, sustained remission means re-establishment of immune tolerance. In these patients, remission is sustained after DMARD discontinuation. Drug-free remission is characterized by normalization of function and general health status. Early therapy targeted at remission is likely to improve the chance to achieve drug-free remission. The efficacy of therapies alters along the disease course and potential reversibility of autoimmunity in RA seems to decrease over time. There is likely more potential to alter the ultimate course of the disease during the early period of 'the window of opportunity'. In future, with understanding of pathways behind initiation and perturbation of immune regulation, (new) targeted interventions at an individual patient level would influence mechanisms driving occurrence of sustained drug-free remission, and hopefully, could offer a cure.
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